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Abstract 
The excessive amount of carbon dioxide (CO2) in the atmosphere is among the most significant effects of global 
warming, which leads to many disadvantages. The objective of this paper is to calculate the amount of carbon dioxide 
sequestration by beach morning glory placed on a flat roof, in order to estimate the CO2 reduction in the atmosphere. 
The study concluded that, planting beach morning glory on the roof surface could reduce the indoor air temperature 
as well as mitigating the greenhouse gas emission, particularly carbon dioxide, thus enhance the quality of life. 
 
© 2014 Published by Elsevier Ltd. Selection and peer-review under responsibility of the Centre for Environment-
Behaviour Studies (cE-Bs), Faculty of Architecture, Planning & Surveying, Universiti Teknologi MARA, Malaysia. 
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1. Introduction 
 Carbon dioxide (CO2), which is the main greenhouse gas (GHG), has increased faster than predicted. 
The higher concentration of CO2 in the atmosphere can cause higher atmospheric temperature because of 
its ability to trap heat from the sun, and reduce the size of ice and snow fields, and also reduce the 
shortwave energy absorbed by the surface of snow and water (Manabe and Stouffer, 1979; Choudhury 
and Kukla, 1979). According to Lashof & Ahuja (1990), carbon dioxide contributed to 80% of global 
warming compared to other GHGs. Burning fossil fuels and making cement are the major sources of 
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carbon emissions (Schmid, 2007). Buildings are also a major contributor in releasing carbon dioxide into 
the atmosphere (Ahmed et. al., 2005; Diane et. al., 2007; Santamouris, 2007). One of the promising ways 
in mitigating this problem is by planting green plants on the roof and incorporating sustainable landscape 
design (Thani et. al., 2012; Rahman et. al., 2013). Therefore, the objective of this paper is to calculate the 
total amount of CO2 uptake by selected green plants installed on a flat roof in order to estimate the CO2 
reduction in the atmosphere.  
2. Literature Review  
Buildings are also major contributor in releasing carbon dioxide into the atmosphere. Diane et al., 
(2007) reported that the energy used in building around the world is one of the significant sources of 
GHG emissions with the use of energy in the building sector responsible for 7.85 Gt carbon dioxide 
(CO2) emissions in 2002. Santamouris (2007) supported the above statement by concluded that, the use 
of air conditioners in buildings is a key factor associated with this problem. The use of air conditioning in 
buildings not only results in a high electricity load but also creates environmental problems, such as 
ozone depletion and global warming. In addition, the problem with indoor air quality becomes common 
when windows and doors are kept closed due to the use of air conditioning systems. In Malaysia, lighting 
and air conditioning are the major causes of energy consumption in buildings, especially in commercial 
buildings (Ahmed et al., 2005; Ismail et. al., 2012). The increase in energy consumption and demand 
inevitably lead to an increase of GHG emissions, which contribute to the impact of global climate change 
(Ahmed et al., 2005). The hot and humid climate such as Malaysia will require greater air condition 
cooling power due to the relatively high solar radiation and ambient temperature. A higher sol-air 
temperature will increase the temperature difference between the outdoor and indoor state (Md Zain, 
2007). 
From the above literature, it is clearly understood that the excessive use of mechanical ventilation in 
buildings, especially air conditioning, has led to human and environmental disadvantages. Air 
conditioning not only contributes to high energy consumption and demand but can also cause indoor air 
quality problems and environmental problems associated with ozone depletion and global warming 
(Santamouris, 2007). Therefore, reducing CO2 emissions becomes a major consideration, especially in the 
built environment in order to reduce energy consumption and to save the environment. 
3. Methodology   
The measurement of the daily and annual CO2 uptake by green plant i.e. Ipomoea pes-caprae (beach 
morning glory) installed on the roof was conducted to predict their ability in reducing the concentration of 
atmospheric CO2. The experiment was taking place in Universiti Sains Malaysia with the size of the case 
study flat roof of 11.9m2. The measurements of carbon uptake by this plant were conducted twice, i.e., in 
July 2009 (which represents the carbon uptake for the second half of the year) and April 2010 (which 
represents the carbon uptake for the first half of the year). By using the portable photosynthesis system, 
LI-6400, the photosynthesis rate of Ipomoea pes-capre were measured as early as 5.30 a.m. until 8.30 
p.m. for three (3) consecutive days for both months, i.e., 7 to 9 July 2009 and 13 to 15 April 2010. In 
order to calculate the annual net photosynthesis rate, the average value of July and April was calculated in 
this research. Ten (10) pots of Ipomoea pes-capre out of 102 pots were randomly selected from 11.90m2 
flat roof by picking at every 10th count. Two (2), healthy, sun-exposed and fully expanded leaves were 
selected in each pot to be tested for their photosynthesis rate for both months. The CO2 uptake of each 
leaf was measured at one-hour intervals with three readings logged for each leaf. The average value of 
each leaf was calculated to evaluate the CO2 uptake. Fig. 1. (a) shows the Ipomoea pes caprae (beach 
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morning glory), which has been selected as green roof plants. Fig. 1. (b) shows the selected leaves of 
Ipomoea pes caprae for CO2 uptake measurement, tagged with a yellow label. 
 
 
 
 
 
 
 
              
Fig. 1. (a) Ipomoea Pes-caprae which has been selected as green roof plant; (b) Selected leaves for CO2 uptake measurement tagged 
with yellow labels. 
3.1. Measurement of Carbon Sequestration (CO2 Uptake) 
Several variables have been measured in order to evaluate and calculate the CO2 uptake or net 
photosynthesis rate in green plants. Those variables are: 
x Photo - Photosynthesis rate, in μmol CO2 m-2s-1 
x Cond  - Stomatal Conductance, in mol m-2s-1 
x TLeafoC - Leaf temperature, in oC 
x TairoC  - Air temperature, in oC  
x ParIn_μm - Photosynthetically Active Radiation (PAR), input, measured by GaAsP sensor, or by  
x      silicon photodiode in the artificial light source, in μmols m-2s-1. 
x CO2R_μml - CO2 Concentration in the reference analyser, in μmols mol-1   
 
The total leaf area in ten (10) pots was estimated to calculate the total amount of carbon uptake. A 
measurement of the total surface area of the leaves was conducted on 16 April 2010 using LI-3000A 
Portable Area Meter, and LI-3050A Belt Conveyor (Fig. 2. (a)). All leaves in the pots were plugged, and 
then, inserted in the belt conveyor to measure the surface area (Fig. 2. (b)). The area of leaf measured was 
displayed on the Portable Area Meter. Then, the total leaf area in each pot was calculated and divided by 
10 to get the average leaf area for each pot. 
   
 
 
 
 
 
 
 
 
Fig. 2. (a) LI-3050A Belt Conveyor and LI-3000A Portable Area Meter; (b) Leaves inserted in the belt conveyor for the surface area 
measurements. 
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4. Findings 
4.1. Calculation of leaf area for leaf samples 
The total leaf area of Ipomoea pes-caprae is needed in calculating the net photosynthesis rate. Ten (10) 
pots of Ipomoea pes-caprae had been chosen to estimate the photosynthesis rate. The total leaf area for 
each pot was measured using an LI-3000A Portable Area Meter, and LI-3050A Belt Conveyor. The 
average value of the total leaf area for 10 pots was calculated to represent the total leaf area for one pot. 
The total leaf area for 10 pots of 11,439.33 cm2 (1.14393 m2) was obtained from the measurement. 
Therefore, the average value of Ipomoea pes-caprae in one pot was equal to 1,143.93 cm2 (0.114393 m2) 
(Table 1.).  
Table 1. Total leaf area measured in each of the 10 selected pots and average leaf area of Ipomoea pes-caprae in 1 pot. 
Pot 
  
Leaf Area 
(cm2) 
1 963.60 
2 1,292.57 
3 1,428.84 
4 1,569.44 
5 1,667.79 
6 801.25 
7 806.70 
8 816.86 
9 971.45 
10 1,120.83 
Total 11,439.33 
Average 1 pot 1,143.93 
4.2. Calculation of Carbon Dioxide (CO2) Sequestration by Ipomoea Pes-Caprae 
The measurement of carbon sequestration was conducted on three consecutive days in both months, 
i.e., from 7 to 9 July 2009 and 13 to 15 April 2010. The measurements conducted from dawn until dusk 
for each measuring day, for both months. The average data gathered in July 2009 represents the average 
CO2 uptake in the second half of the year, while the data collected in April 2010 represents the average 
CO2 uptake for the first half of the year. The average data from both months were calculated in order to 
estimate the annual amount of carbon sequestration or carbon uptake performed by Ipomoea pes-caprae 
mounted on the test roof surface.   
4.2.1. Average Photosynthesis and Dark Respiration Rate for July 2009 
Carbon uptake study of Ipomoea pes-caprae was conducted over three consecutive days. However, the 
photosynthesis rates obtained from 2 days of the measurement period, i.e., from 7 to 8 July 2009 were 
taken for further analysis. The data collected for both of these days were entirely consistent, whereas the 
data gathered on 9 July 2009 were exceptionally lower due to different in weather condition than the 
previous days. Fig. 3. shows the photosynthesis rate monitored on 7 and 8 July 2009. The graph shows 
that the photosynthesis rate monitored on 7 July 2009 from 5.30 a.m. until 7.00 p.m. ranged from 2.33 
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μmol CO2 m-2s-1 to 20.85 μmol CO2 m-2s-1, whereas, on 8 July 2009, the photosynthesis rate ranged from 
1.31 μmol CO2 m-2s-1 to 17.65 μmol CO2 m-2s-1. The negative (-ve) value in the graph represents the dark 
respiration rate performed by the leaf. On 7 July 2009, the dark respiration rate of -1.77 μmol CO2 m-2s-1 
was observed at 5.30 a.m., whereas, on 8 July 2009, the dark respiration rate was observed at 6.00 a.m. 
and 7.30 p.m., at a value of -2.06 μmol CO2 m-2s-1 and -1.39 μmol CO2 m-2s-1, respectively. The graph 
shows that the photosynthesis rate was at the higher values during the daytime hours between 10.00 a.m. 
and 3.00 p.m. After that, it gradually decreased as soon as the solar radiation declined. The mean 
photosynthesis rate obtained on 7 and 8 July 2009 was 12.37 μmol CO2 m-2 s-1 and 10.02 μmol CO2 m-2s-
1, respectively. The mean dark respiration rate of -1.77 μmol CO2 m-2s-1 recorded on 7 July 2009. On 8 
July 2009, the mean dark respiration rate was at -1.73 μmol CO2 m-2s-1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Average photosynthesis and dark respiration rates measured on 7 and 8 July 2009 
4.2.2. Average Photosynthesis and Dark Respiration Rate for April 2010 
In April 2010, the CO2 uptake measurement was conducted from 13 to 15 April 2010, which 
represents the CO2 uptake for the first half of the year. However, only data on 13 and 14 April 2010 were 
considered in the analysis since data on the third day of the measurement period was only collected from 
6.30 a.m. until 4.00 p.m. due to technical problems. The third day’s set of data failed to represent an 
entire day trend of CO2 uptake, which is needed in the prediction of CO2 uptake of one whole day. 
Therefore, those data were not considered in the analysis. On 13 April 2010, the measurement of CO2 
uptake was conducted from 7.00 a.m. until 8.00 p.m. The average photosynthesis rate for 20 leaves 
measured for the day ranged from 1.97 μmol CO2 m-2s-1 to 13.99 μmol CO2 m-2s-1. The average dark 
respiration rate measured for the day was only -1.37 μmol CO2 m-2s-1, obtained at 8.00 p.m. On the next 
day, data were collected from 6.30 a.m. until 8.00 p.m., with the CO2 uptake values being from 1.89 μmol 
CO2 m-2s-1 to 11.93 μmol CO2 m-2s-1. The dark respiration rates of -0.18 μmol CO2 m-2s-1 and -2.32 μmol 
CO2 m-2s-1 were observed at 6.30 a.m. and 8.00 p.m., respectively. 
Data gathered in April 2010 were different to the data obtained in July 2009. In April 2010, the higher 
value of photosynthesis rate was observed between 9.00 a.m. and 10.00 a.m. The photosynthesis value 
then decreased until around 1.00 to 3.00 p.m. After that, the photosynthesis rate increased and then 
dropped with the absence of sunlight. This phenomenon is shown in Fig.4.The mean photosynthesis rate 
recorded on 13 April 2010 was 6.64 μmol CO2 m-2s-1. The mean dark respiration rate obtained for the day 
was -1.37 μmol CO2 m-2s-1. On 14 April 2010, the mean photosynthesis and dark respiration rates were 
5.41 μmol CO2 m-2s-1 and -1.25 μmol CO2 m-2s-1, respectively. 
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Fig.  4. Average photosynthesis and dark respiration rates measured on 13 and 14 April 2010. 
4.2.3. Calculation of Net Photosynthesis Rate (Carbon Sequestration / CO2 Uptake) 
The net photosynthesis rate is calculated using the following formula (Equation 4.1), which adopted 
from Sureepom et al. (2004). 
   
A = Pn – R ..................................................................................................................................... (4.1) 
   
Where, 
A= net photosynthesis rate, μmol CO2 m-2 s-1;  
Pn= daytime photosynthesis rate, μmol CO2 m-2 s-1;  
R= dark respiration rate, μmol CO2 m-2 s-1 
Referring to Equation 4.1, the daytime photosynthesis rate, and dark respiration rate are required in the 
calculation of net photosynthesis rate, or net CO2 uptake. The daytime photosynthesis rate was obtained 
from the photosynthesis measurement during daytime hours, whereas, the dark respiration rate was 
obtained from the early morning and late evening, when the solar radiation is absent, or when the PAR 
value was at 0.00 μmols m-2s-1. 
   
x (i)     Net Photosynthesis Rate for July 2009 
   
   Average 1-day daytime photosynthesis rate for July 2009 (Pn1):  
 
Pn1 = (12.37 μmolCO2m-2s-1+ 10.02 μmolCO2m-2s-1)/2. 
       = 11.195 μmolCO2m-2s-1 
 
Average 1-day dark respiration rate for July 2009 (R1): 
   
R1 = [(-1.77 μmolCO2m-2s-1) + (-1.73 μmolCO2m-2s-1)]/ 2  
     = -1.75 μmolCO2m-2s-1. 
   
Net photosynthesis rate for July 2009 (A1): A1 = Pn1 – R1  
= 11.195 μmolCO2m-2s-1 - 1.75 μmolCO2m-2s-1 = 9.445 μmolCO2m-2s-1. 
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x  (ii)    Net Photosynthesis Rate for April 2010 
   
Average 1-day daytime photosynthesis rate for April 2010 (Pn2):  
 
Pn2 = (6.64 μmolCO2m-2s-1+ 5.41 μmolCO2m-2s-1)/2 
   
= 6.025 μmolCO2m-2s-1 
 
Average 1-day dark respiration rate for April 2010 (R2): 
   
R2 = [(-1.37 μmolCO2m-2s-1) + (-1.25 μmolCO2m-2s-1)]/ 2 = -1.31 μmolCO2m-2s-1. 
   
Net photosynthesis rate for April 2010 (A2) A2 = Pn2 –R2 
   
= 6.025 μmolCO2m-2s-1 - 1.31 μmolCO2m-2s-1 = 4.715 μmolCO2m-2s-1. 
   
x (iii)   Average Annual Net Photosynthesis Rate 
 
In order to calculate the average annual net photosynthesis rate, the average net photosynthesis 
rate for one pot of Ipomoea pes-caprae for both months was calculated as follows: 
   
Average annual net photosynthesis rate (A): 
   
A = A1 + A2  
             2 
    = (9.445 μmolCO2m-2s-1 + 4.715 μmolCO2m-2s-1) 
  2 
    = 7.08 μmolCO2m-2s-1. 
   
Assuming that 12 hours daylight is received in 1 day = 12h x 60m x 60s = 43,200s. Therefore, in 
one day, one pot of Ipomoea pes-caprae is estimated to sequester: 
 
7.08 μmolCO2m-2s-1 x 0.114393 m2 x 43,200s = 34,987.79 μmolCO2 
   
                                                                                   = 34.99 mmolCO2 @ 35.00 mmol CO2 
 
In this study, 102 pots of Ipomoea pes-caprae were installed on the test roof. 
   
Therefore, total CO2 uptake = 35.00 mmolCO2 x 102 pots 
                                             = 3570 mmolCO2 
                                             = 3.57 mol CO2  
 
1 mol CO2 consists of 44.01 g CO2. Therefore, 3.57 mol CO2 consists of 44.01 x 3.57 = 157.12 g 
CO2. An 11.90 m2 flat roof can trap 157.12g CO2 in 1 day. 
 
The annual carbon uptake for 102 pot of Ipomoea pes-caprae mounted on flat roof 
= 157.12 g x 365 days 
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= 57,348.8 g CO2 per year.  
= 57.35 kg CO2/year 
= 0.057 tonnes CO2/year. 
   
Therefore, 102 pots of Ipomoea pes-caprae installed on 11.90 m2 flat roof could uptake 0.057 
tonnes of CO2 annually. 
   
This result can be used to predict the annual amount of CO2 uptake for USM’s Main Campus. If all 
roofs in USM Main Campus were flat roofs, the estimated total roof area would be 243,540.00 m2. If 
Ipomoea pes caprae were to be installed on those roofs, the annual amount of CO2 uptake could reach by 
up to 1,166.54 tonnes per year, which is equivalent to 3.20 tonnes per day. This situation is meaningful in 
fulfilling the Malaysian Government commitment to reduce its carbon emissions up to 40% by the year 
2020 as announced by the Malaysian Prime Minister, Najib Razak at the United Nations Climate Change 
Conference 2009 in Copenhagen. 
4.2.4. Summary of findings 
  Plant photosynthetic performance and thus carbon assimilation rate is subjected to complex control 
mechanisms. However, after conducting the experiment to measure the CO2 uptake or carbon 
sequestration by Ipomoea pes-caprae, the results can be summarized as follows: 
x The net photosynthesis rate observed in July 2009, which represents the CO2 uptake for the second 
half of the year, or can also be stated as the measurement of CO2 uptake for the wet season, was higher 
than the net photosynthesis rate measured in April 2010 (representing the dry season).  
x The net photosynthesis rate measured in April 2010 was lower than July 2009 due to the higher solar 
radiation and air temperature during the time of measurements. There was no rainfall on the 
measurement dates in April 2010, and the solar radiation intensity was higher than the measurement 
dates in July 2009. Higher air temperature induces the stomata to close, thus resulted in a lower 
photosynthesis rate or CO2 uptake. Smaller leaves size was due to the lack of fertilizing and pruning 
also believed to be the reason for lower CO2 uptake in April 2010. The CO2 uptake measurement in 
April represents the CO2 uptake for the first half of the year and also can be considered as the 
measurement of CO2 uptake for the dry season.  
x There was a correlation between photosynthesis rate and stomatal conductance in July 2009, but weak 
correlation was observed in April 2010.  
x A strong correlation is observed between photosynthesis rate and air temperature (Tair) in July 2009, 
but weak correlation was observed in April 2010.  
x There was a strong correlation between photosynthesis rate and leaf temperature (Tleaf) observed in 
July 2009, but in April 2010, the correlation between both variables was very weak.  
x Photosynthetically Active Radiation (PAR) is correlated significantly with the photosynthesis rate in 
July 2009. However, a weak correlation was observed in April 2010.  
x There was a weak correlation between photosynthesis rate and relative humidity in the reference 
analyser observed on 8 July 2009, 13 and 14 April 2010, but there was a strong relationship between 
both variables on 7 July 2009.  
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5. Discussion 
From the results, it can be concluded that Ipomoea pes-caprae could be used as a green roof plant since 
it can sequester higher CO2, even though they are planted in the pots. From the experiment, the net 
photosynthesis rate for the pot (12 inches diameter with 5 inches thick) of Ipomoea pes-caprae was 
between 4 to 10 μmol CO2 m-2 s-1 on average per day. The prediction has been made in this study as, if 
all the roofs in the USM Main Campus were the flat roofs; the annual amount of CO2 uptake is predicted 
to be 1,166.54 tonnes per year, or equivalent to 3.20 tonnes per day. This high CO2 uptake value could 
contribute to lessening the CO2 concentration in the atmosphere, thus could serve the Malaysian 
Government target to reduce its carbon emission up to 40% by the year 2020. 
This study also revealed that several factors govern the photosynthesis rate or CO2 uptakes of Ipomoea 
pes- caprae. Air temperature, leaf temperature, solar radiation available for photosynthesis or (PAR) and 
stomatal conductance are the important variables that affect the photosynthesis rate. Moreover, stomatal 
conductance is very much influenced by the air temperature and solar radiation intensity. The stomata 
remain closed at a low temperature between 0oC and 8oC, but an increase in air temperature up to 30oC 
facilitates the gas exchange. However, higher air temperature will give contrary effects, in which, it 
induces the stomata to close. The reason for this behaviour is to avoid water loss from the leaves. Higher 
solar radiation intensity and air temperature induce the stomata to close its aperture resulting in a lower 
photosynthesis rate or CO2 uptake by green plants. 
Planting Ipomoea pes-caprae on the roof surface could help in reducing the greenhouse gas emission, 
particularly carbon dioxide, and reducing the impact of global warming. This situation will enhance the 
quality of life.  
6. Conclusion 
The study shows that Ipomoea pes-caprae installed on 11.90 m2 flat roof could sequester about 
157.12g CO2 in 1 day, which is equivalent to 0.057 tonnes CO2 per year. The study also revealed that the 
ability of Ipomoea pes-caprae to sequester atmospheric CO2 depends on the air temperature, leaf 
temperature, solar radiation available for photosynthesis or (PAR) and stomatal conductance. High air 
temperature and leaf temperature tends to force the stomatal pores to close and reduce the photosynthesis 
rate of the plant. The different in the net photosynthesis rate recorded for July and April was strongly 
influenced by this condition.   
However, in terms of other benefits, such as reducing the concentration of CO2, which is the most 
dangerous greenhouse gas in the atmosphere, the ability of the green roof to provide this function cannot 
be denied. If Ipomoea pes-caprae (beach morning glory) were installed on the roof surface on a large 
scale, it could reduce the CO2 concentration in the atmosphere, hence resulting on a healthier atmosphere 
for the inhabitants. This situation is meaningful in fulfilling the Malaysian Government commitment to 
reduce its carbon emission by up to 40% by the year 2020. 
As Malaysia is moving towards a sustainable nation, the provision of sustainable housing with 
minimum energy consumption is becoming a major concern to be fulfilled. The emphasis on providing 
green and sustainable housing has led to the creation of the Green Building Index (GBI) in February 
2009, which is the recognised green building rating tool in Malaysia. Energy efficiency (EE), indoor 
environment quality (EQ) and sustainable site planning and management (SM) are among the assessment 
criteria design in GBI rating tool for the residential and commercial buildings. Therefore, the results of 
this study, to some extent, could help the developers, architects, planners, engineers, contractors, 
designers, even ordinary people or the public to create their respective buildings, with a healthier indoor 
environment, energy saving and also reduce the negative impact to the environment. It is hoped that these 
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findings can be used as a guideline in designing the most appropriate and effective passive cooling roof 
treatments in the Malaysian weather conditions and also in a global context, in order to improve the 
quality of life of the inhabitant. 
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